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This invention relates to the conditioning of 
drilling ?uid and more particularly to the con 
ditioning of drilling mud employed in the drilling 
of wells. . 

In the co-pending application of Allen D. Gar 
rison Serial No. 282,445, filed of even date here 
with, there is disclosed and claimed the condi 
tioning of a drilling fluid by treatment with car 
bon doxide gas to regulate its properties in order 
to maintain the drilling mud in suitable condition 
for recirculation during the progress of the drill 
ing operation. In that application, a carbon di 
oxide-containing gas, such as from a pressure 
container of lique?ed carbon dioxide or flue gas, 
is aspirated into a circulating mud stream by the 
suction e?ect created by the injection of recycled 
drilling mud through an aspirator mud gun into 
the main mud stream. 
Insome cases, it is found that ?ue gases do not 

contain a su?icient proportion of carbon dioxide 
to e?ect the desired conditioning of the circulat 
ing drilling mud. While lique?ed carbon dioxide 
is available in pressure containers to supply a 
more concentrated carbon dioxide gas for this 
purpose, such containers are relatively expensive 
and require considerable handling by reason of 
transporation to and from the ?eld. 
The present invention constitutes an improve 

ment on the method and apparatus disclosed in 
that application, and contemplates the use of 
carbon dioxide ice, or dry ice, for supplying the 
CO2 gas required in the treatment. In this man 
ner, the handling and transportation of pressure 
containers in the ?eld is avoided and other ad 
vantages obtained, as set forth more fully be 
low. 

It is an object of the present invention to pro 
vide a method of and apparatus for the condi 
tioning of drilling ?uid with carbon dioxide gas 
by the use of dry ice in a simple and expeditious 
manner. 

Fln'ther objects and adavntages of the inven 
tion will be apparent from the following descrip 
tion when taken in conjunction with the accom 
panying drawing and the appended claims. 

Drilling muds are essentially mixtures of clay 
and water, usually so compounded that they 

‘ weigh from about eight to twelve pounds per gal 
lon. Whenever it is found necessary to increase 
the speci?c gravity of a particular mud, it is cus 
tomary to add thereto ?nely divided materials 
which have a high speci?c gravity such as 
barytes, etc. An ideal drilling mud is one which 
is thixotropic, that is to say, a ?uid which, on 
agitation by pumping or otherwise, has a rela 
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tively low viscosity and is free-?owing, but when 
agitation is stopped, gradually sets or gels. This 
gelling action is su?iciently slow to permit the 
cuttings to settle two or three feet before the gel 
structure is strong enough to supportthem. 

In conventional practice, a drilling mud is cir 
culated down the well through the hollow drill 
stem to the locus of drilling where it picks up the 
cuttings and then returns up the well through 
the annular passage between the drill stem and 
the well casing to the head of the well. The 
drilling ?uid mixture is then flowed through suit 
able screens to remove coarse particles, and. 
thence by a ?ow passage or mud ditch into a set 
tling pit where the cuttings settle out, leaving 
a supernatant substantially cuttings-nee drill 
ing mud. This drilling mud is then returned to 
the well for recirculation therein. 

'I'ht treatment with carbon dioxide serves to 
maintain the circulating drilling mud within a 
controlled pH range, such as about 7.5 to 8.5, 
which is found to minimize de?occulation and‘ 
accumulation of clay and shale being penetrated 
in the drilling mud, with resultant alteration in 
the viscosity, weight and other desirable char 
acteristics of the mud during the progress of 
drilling. While the carbon dioxide can be added 
to the mud at various points in its circulat 
ing travel, it is found preferable to add the car 
bon dioxide to the mud stream containing sus 
pended cuttings as it flows through the mud ditch 
to the settling pit. In order to aid flow through 
the mud ditch and to agitate the drilling mud 
therein, there is generally provided a mud gun 
which is supplied with recycled drilling fluid 
from the settling pit under high pressure, this 
gun discharging a jet of the ?uid into the con- ' 
tents of the mud ditch in the direction of ?ow 
of the mixture passing therealong. The ap 
plication of carbon dioxide to the mud is e?ec 
tively made by introducing the carbon dioxide 
into the recycled ?uid which is jetted by the mud 
gun into the contents of the mud ditch. 
In the drawing which illustrates a preferred 

embodiment of the invention, Fig. 1 is 2, dia 
grammatic plan view of apparatus for the han 
dling and recirculation of drilling mud in con 
nection with the drilling of a well, disclosing 
the application of the present invention thereto; 
and Fig. ,2/rs n enlarged vertical sectional view 
of the dry i£€ converters and related mud-cir 
culating line Lthe present invention. 

Referring to the drawing, a well being treated 
_ is indicated at It having a hollow drill stem ll 

55 and an outer casing 12. Drilling mud is c1rcu-‘ 



2 
lated from the line l3 through the ‘hollow drill 
stem II down the well to the locus of drilling 
where it picks up the cuttings and thence re 
turns up the Well through the annular space 
between the drill stem II and the casing 12 to 
the head of the well. From here, the mud mix 
ture is discharged by pipe l4 into trough l5 feed 
ing onto suitable screens l6, where the coarser 
particles are removed. The drilling mud with 
?ner particles of suspended cuttings then ?ows 
through the flow passage or mud ditch l'l into 
settling pit I8, where the mud is allowed to re 
main in a quiescent condition for a time to per 
mit settling of the cuttings. Suitable slush 
pumps l9 and 20 pick up the supernatant layer 
of drilling mud and return it by lines 2| and 
22, respectively, to the line l'3 for recirculation 
through the well. A mud pump 23 also picks up 
a portion of the supernatant mud and forces it 
under high pressure through the mud line 24 
to a nozzle or mud gun 25 positioned within the 
mud ditch IT, to form a jet .of the mud which in 
duces flow of the main mud mixture through the 
ditch l'l while violently agitating the same. ' 
As shown more particularly in Fig. 2, a line or 

header 30 is tapped into the mud line 24 inter 
mediate the mud pump 23 and the nozzle 25. 
Header 30 communicates with branch lines 3| 
and 32 leading respectively to dry ice converters 
33 and 34. Each of the converters may be con 
structed as cylindrical steel containers provided 
with removable heads, whereby dry ice indi 
cated at 35 may be charged thereto. The con 
verters are each equipped with pressure gauges 
36, and suitable pressure relief or safety valves 
31. The branch lines 3| and 32 contain pres 
sure-reducing needle valves 38 and 39, and shut 
off valves 40 and 4|, respectively. The header 
30 is equipped with a shut-off valve 42 and a 
suitable pressure gauge 43 by which the pres 
‘sure of the circulating mud in the line 24 may 
be observed. 
Each converter is also preferably provided 

with a suitable heating means, such as a jacket 
45, to which steam which is readily available for 
power in the drilling operation may be supplied 
by inlet line 46 and discharged by exit line 41. 
Each jacket is also equipped with a suitable 
valve controlled drain 48. Any other suitable or 
convenient heating means may be provided for 
each converter, such as the provision of a hose 
through which hot water or steam can be played 
against the converter wall, or the use of a suit 
able coil to which a heating medium is supplied, 
the coil being positioned either exteriorly or in 
teriorly of the converter. 
In operation, the converters are ?lled with a 

quantity of dry ice which is preferably crushed 
or broken into small pieces. The pressure heads 
are then fastened in place and steam is supplied 
to the jacket 45. The dry ice begins to sublime 
creating a gas pressure which is registered by 
the gauges 36. Further heating causes melting 
and vaporization of the dry ice, in addition to 
‘the sublimation. Valve 42 is opened to obtain 
a reading of the pressure of the mud circulat 
ing through line 24. As the gas pressure within 
a converter, say converter 33, rises to a value 
substantially in excess of that in the mud line 
24, the pressure relief valve 38 is cracked and 
the shut-off valve 40 opened to permit the gas 
to ?ow with some pressure reduction at a regu 
lated rate into the mud line 24, the valves 39 
and 4i being closed during this time. As the 
pressure within converter 33 drops to a value 
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approaching that registered by gauge 43, valves 
38 and 40 are closed, and valves 39 and 4| then 
correspondingly opened to permit gas to flow 
from converter 34 at a controlled rate into the 
mud line. This alternate flow from the con 
verters is continued during the progress of drill-. 
ing, the idle converter at any particular time be 
ing given an opportunity to regenerate sufficient 
gas pressure to be reopened to the mud line by 
the time the pressure in the other converter has 
dropped to the desired extent. While only two 
converters are shown, and are generally con 
sidered su?icient, it is to be understood that 
any suitable number may be provided and mani 
folded into the header 3!] as illustrated. 
By way of example, an operation was conduct 

ed in the drilling of a well in the California ?eld, 
in which two converters charged with 150 pounds 
(3 blocks) each ofdry ice in small pieces were 
manifolded into a header communicating with 
the mud line through which mud was recycled 
at a pressure of about 450 pounds per square 
inch. Maximum converter pressures through 
out the run ranged from about 750 to 900 pounds 
per square inch. Rates of carbon dioxide addi 
tion were readily controlled by mounting the 
converters upon platform scales (not shown), 
the reduction in weight indicating the quantity 
of gas supplied to the mud per unit of time. 
The initial pH of the circulating mud was 9.5. 

Tests of the circulating mud taken at various 
time intervals during the carbon dioxide injec 
tion showed a pH varying from about 7.2 to 8.3. 
By regulation of the amount of carbon dioxide 
injected in accordance with these periodic tests, 
the pH of the circulating mud could be held 
within the desired closely-con?ned limits. 

Obviously many modi?cations and variations 
of the invention, as hereinbefore set forth, may 
be made without departing from the spirit and 
scope thereof, and therefore only such limitations 
should be imposed as are indicated in the ap 
pended claims. 
We claim: 
1. In the drilling of a well with the circulation 

of a drilling mud, the method of conditioning 
the drilling mud with carbon dioxide which com 
prises circulating the drilling mud through a 
con?ned passage under pressure, subliming and 
gasifying at, least two con?ned portions of car 
bon dioxide ice, and alternately injecting carbon 
dioxide gas from ?rst one and then another of 
said portions into said circulating mud stream 
within said con?ned passage when the pressure 
of gas formed from each of said con?ned por 
tions substantially exceeds the pressure of the 
mud stream passing through said con?ned pas 
sage. 

2. The method as de?ned in claim 1, in which 
the said portions of carbon dioxide ice are heat 
ed to augment sublimation and gasi?cation. 

3. The method as de?ned in claim 1, in which 
the carbon dioxide ice in said con?ned portions 
is in the form of small pieces. _ 

4. Apparatus for the treatment of drilling 
mud with carbon dioxide during the circulation 
of the mud in well drilling comprising, in com 
bination, a con?ned flow passage, means for cir 
culating the drilling mud under pressure through 
said ?ow passage, a pair of carbon dioxide ice 
converters, a common header communicating 
with, said flow passage, connections between 
each of said converters and said header, and 
means for alternately providing ?ow of carbon 
dioxide gas from. each of said converters through 
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its corresponding connection and the said head 
er into said ?ow passage when the pressure of 
gasi?ed carbon dioxide in each converter sub 
stantially 'exceeds the pressure of circulating 
drilling mud in said flow passage. 

5. Apparatus as de?ned in claim 4, in which 
' heating means are provided for eachv of said 
converters. 

6. Apparatus for the treatment of drilling mud 
with carbon dioxide during the circulation of 
the mud in well drilling comprising, in combina 
tion, means for circulating drilling mud down 
the well to the locus of drilling and returning 
same together with suspended cuttings to the 
head of the well, a settling pit, a mud ditch for 
transferring said drilling mud with suspended 
cuttings from said well to said settling pit, means 
for returning settled drilling mud from said pit 
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to the well, a mud gun within said mud ditch, a 
mud pump and a con?ned ?ow passage connect 
ing said mud pump with said mud gun for recy 
cling a 'portion of the drilling mud and forcing 
it under pressure through said flow passage and 
jetting it from said mud gun into the mud 
stream passing through said mud ditch, a pair 
of carbon dioxide ice converters, connections be 
tween each of said converters and said ?ow pas 
sage, and means for alternately providing ?ow of 
carbon dioxide gas from each of said converters 
into said ?ow passage when the pressureof gas 
i?ed carbon dioxide in each of said converters 
substantially exceeds the pressure of recycled , 
drilling mud in said flow passage. 

W. ROBINSON. 
ROBERT R. CRIPPEN. 


